This study evaluated direct relationships and associations among clinical pharmacy services, pharmacist staffing, and total cost of care in United States hospitals. A database was constructed from the 1992 American Hospital Association' s Abridged Guide to the Health Care Field and the 1992 National Clinical Pharmacy Services Database. A multiple regression analysis, controlling for severity of illness, was employed to determine the relationships and associations. The study population consisted of 1016 hospitals. Six clinical pharmacy services were associated with lower total cost of care: drug use evaluation (p=0.001), drug information (p=0.003), adverse drug reaction monitoring (p=0.008), drug protocol management (p=0.001), medical rounds participation (p=0.0001), and admission drug histories (p=0.017). Two services were associated with higher total cost of care: total parenteral nutrition (TPN) team participation (p=0.001) and clinical research (p=0.0001). Total costs of care/hospital/year were lower when any of six clinical pharmacy services were present: drug use evaluation $1,119,810.18 (total $1,005,589,541.64 for the 898 hospitals offering the service), drug information $5, 226,128.22 (total $1,212,461,747.04 for the 232 hospitals offering the service), adverse drug reporting monitoring $1,610,841.02 (total $1,101,815, 257.68 for the 684 hospitals offering the service), drug protocol management $1,729,608.41 (total $614,010,985.55 for the 355 hospitals offering the service), medical rounds participation $7,979,720.45 (total $1,212,917,508.41 for the 152 hospitals offering the service), and admission drug histories $6, 964,145.17 (total $208,924,355.10 for the 30 hospitals offering the service).
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Whereas substantial numbers of studies have reported improved patient care and, in some cases, reduced costs at individual clinical sites, none have evaluated the impact of clinical pharmacy services and pharmacy staffing on the total cost of care in our health care system. The 1998-2000 American College of Clinical Pharmacy strategic plan sets priority on "research that assesses the value of clinical pharmacy services" (5th ranked of 57 objectives). 27 These studies are critical in determining how clinical pharmacy services and pharmacy staffing affect health care. The total cost of care in hospitals is an important health care outcome measure and has received critical scrutiny over the last several years.
Two literature reviews have extensively documented the value of clinical pharmacy services. 2, 28 Of 104 studies published between 1988 and 1995, 89% described positive financial benefits of these services, 28 with a mean cost:benefit ratio of 16.70:1 (every dollar invested in clinical pharmacy services resulted in a cost reduction of $16.70). These studies, however, focused primarily on partial health care costs (drugs, salary reductions) rather than on total cost of care delivered to the patient.
Through clinical pharmacy services, pharmacists promote rational drug therapy. Presumably, improved drug therapy should have a profound impact on the total cost of care by decreasing lengths of hospital stays, adverse drug reactions, infection rates, law suits, number of personnel to care for patients, and so on. Thus, clinical pharmacy services may increase the efficiency of health care and reduce costs. Drug costs accounted for 3.5% and total pharmacy personnel costs for 1.6% of the total cost of care (total operating cost) in United States hospitals in 1992. [29] [30] [31] Thus pharmacy's share of the hospital budget was 5.1%. Unfortunately, by primarily focusing on drug cost savings, our profession may have limited itself to measuring cost reductions on only a small part of health care.
Based on data from 1992, we showed that pharmacist staffing and some clinical pharmacy services had a direct relationship with reduced hospital mortality rates. [32] [33] [34] In addition, increased staffing levels of clinical pharmacists and some clinical pharmacy services had a direct relationship with reduced drug costs in United States hospitals. 29 Although these studies documented a major beneficial effect of these services on important health care outcomes, they did not address the impact of pharmacists and clinical pharmacy services on the total cost of care.
Outcome measures (e.g., total cost of care) must adjust for the influence of patient characteristics. [35] [36] [37] [38] [39] [40] If they do not adjust for severity of illness, conclusions for hospitals that treat most severely ill patients would be inaccurate, leading to erroneous conclusions about the cost of health care. Multiple-site studies on the effect of pharmacists and clinical pharmacy services on the total cost of care are critical, since they minimize biases associated with single-site studies and can determine which services are likely to improve clinical outcomes and reduce costs across the entire system.
We tested direct relationships and associations among 14 clinical pharmacy services, pharmacy staffing, and severity of illness-adjusted total cost of care in 1016 hospitals in the United States from 1992. This fourth in a series of articles on the value of clinical pharmacy services focuses on the total cost of health care. To our knowledge, it is the first to explore the relationship between both clinical pharmacy services and pharmacist staffing and the total cost of care in many hospitals in the United States.
Methods

Sources of Data
Data for 14 clinical pharmacy services and pharmacist staffing were obtained from the 1992 national clinical pharmacy services database, the largest hospital and clinical pharmacy database in the United States. 41 The total cost of care for each hospital was obtained from the American Hospital Association' s (AHA) Abridged Guide to the Health Care Field. 30 The national clinical pharmacy services survey questionnaire was updated from previous surveys 42, 43 and pretested by 25 directors of pharmacy. It was mailed to the director of pharmacy in each acute care, general medical-surgical hospital listed in the AHA database. Study methodology, variables, and demographic results are published elsewhere. 41 
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The two databases were integrated into one, and SAS, release 6.12, implemented on a personal computer (Pentium 450 Mz), was used for all statistical analysis. 44 All data were for inpatients only.
The AHA listed 4822 general medical surgical hospitals in 1992. 30 Variables from the AHA database were matched for 3422 hospitals (demographics, severity of illness), which constituted 100% of hospitals that could potentially be included in this study. The hospitals had information on 14 clinical pharmacy services, pharmacist staffing from the national clinical services database, and total cost of care, demographic, and severity of illness variables from the AHA database. 30, 41 Only general medical-surgical hospitals were used so as to provide more homogeneous total cost of care information. Total cost of care for psychiatric, alcohol and drug rehabilitation, or rehabilitation hospitals would not be appropriate, since their costs are substantially different. 30 From 1597 hospitals in the two databases, data were matched for 1016 hospitals, which constituted the study population.
Variables and Analyses
Centrally delivered clinical pharmacy services used in the analysis were drug-use evaluation (DUE), in-service education, drug information, poison information, and clinical research. Patient-specific clinical pharmacy services were adverse drug reaction (ADR) monitoring, pharmacokinetic consultations, drug therapy monitoring, drug protocol management, total parenteral nutrition (TPN) team participation, drug counseling, cardiopulmonary resuscitation (CPR) team participation, medical rounds participation, and admission drug histories. We defined clinical pharmacy services specifically to indicate active participation by pharmacists in patient care (Appendix 1).
Hospital pharmacist staffing data were taken from full-time equivalent (FTE) data collected in the national clinical pharmacy services database survey. 41 Hospital pharmacy administrators were defined as FTE pharmacy directors, assistant directors, and supervisory pharmacists. Dispensing pharmacists were defined as FTE pharmacists who spent most (> 50%) of their work time primarily in dispensing activities. Clinical pharmacists were defined as FTE pharmacists who spent most (> 50%) of their work time providing clinical pharmacy services (nondispensing). Each staffing category was mutually exclusive. Staffing data were for inpatients only. Total cost of care was taken from the AHA database and defined as total operating costs of the hospital in 1992 (all payroll and nonpayroll expenses). 30 Severity of illness was controlled by forcing three variables into the multiple regression analysis model: percentage of intensive care unit (ICU) days (calculated as ICU days divided by total inpatient days), annual number of emergency room visits divided by the average daily census (ADC), and percentage of Medicaid patients (calculated as Medicaid discharges divided by total discharges). These variables were validated as severity of illness measures in similar studies. 29, 32-37, 39, 40, 45 They were chosen because they are the only ones validated as adjusters for severity of illness using these national databases. 29, [32] [33] [34] [35] [36] [37] [38] [39] [40] Although other variables were used to adjust for severity of illness with smaller patient populations (Acute Physiology and Chronic Health Evaluation [APACHE] scores, specific patient case mix, patient age, number of surgical patients, physician experience, length of shifts, patient work loads, etc.), they were not available for the study hospitals. Diagnosis-related groups are not reliable severity of illness adjusters since many hospitals inflate these measures.
Statistical Analyses
Simple and multiple regressions were used in the analysis. Parameter estimates 95% confidence intervals (CIs) were calculated for both simple and multiple regression analyses. For multiple regression analysis, stepwise procedures were used to select variables for the model. 46, 47 Severity of illness variables were forced into the multiple regression model before any other variables were allowed to enter. After that, stepwise regression was used to select the remaining variables. Variables selected by this method were confirmed by forward and backward regression techniques, both of which selected the same set of variables. The correlation matrix for independent variables and the variance inflation factor were used to examine possible effects of multicolinearities among the variables. These indicated no apparent problems among the set of independent variables.
Multiple regression analysis allowed us to determine which clinical pharmacy services and pharmacist staffing variables explain total cost of care in United States hospitals. The intent was to build a multiple regression model to determine if clinical pharmacy services and pharmacist staffing were associated with total cost of care. Direct relationships among variables were also explored. Multiple regression analysis is the more important of our analysis models, as it adjusted for severity of illness and it allowed for interaction among variables.
A comparison of clinical pharmacy services and pharmacy staffing variables found to be statistically significant in the multiple regression model was developed further. The difference in the total cost of care/occupied bed, based on whether the hospital provided the clinical pharmacy service, is presented. Only clinical pharmacy services that had statistically significant associations with total cost of care (multiple regression model) were included in this analysis. These figures reflect actual cost differences between hospitals offering the services and those that do not. The a priori level of significance for all tests was set at 0.05.
Results
A total of 1016 hospitals (64%) of the 1597 general medical-surgical hospitals from the 1992 National Clinical Pharmacy Services Database were matched from the 3422 hospitals having information available on all variables from AHA database (potential pool of study hospitals). These 1016 hospitals (30%) were the study population. The mean number of hospital admissions/year for the hospitals was 8110 (6786/hospital, or 8,239,816 total, 34% of total United States admissions). 48 The mean total cost of care for the hospitals was $341,066. 45 Table 1 shows severity of illness, 14 clinical pharmacy services, and pharmacist staffing information. Table 2 shows simple regression analysis for severity of illness variables, 14 clinical pharmacy services, and pharmacist staffing described as slope, standard error (SE), probability, and CI. Slope measures the rate of change for the variable and is expressed as either positive (presence of this service was associated with higher total cost of care) or negative (presence of this service was associated with lower total cost of care). Seven clinical pharmacy services were associated with lower total cost of care: DUE, in-service education, drug information, pharmacokinetic consultations, drug protocol management, medical rounds participation, and admission drug histories. Seven services were associated with higher total cost of care, however, only five had statistically significant differences: poison information, clinical research, drug therapy monitoring, TPN team participation, and drug counseling. As staffing increased for hospital pharmacy administrators (p=0.0001) and clinical pharmacists (p=0.0001), the total cost of care decreased. As staffing increased for dispensing pharmacists (p=0.0001), the total cost of care increased. Table 3 shows the multiple regression analysis for severity of illness variables, 14 clinical pharmacy services, and pharmacist staffing. Statistically significant associations were found 612 with pharmacist-conducted clinical research (p=0.0001) and TPN team participation (p=0.001) and higher total cost of care. As staffing increased for hospital pharmacy administrators (p=0.0001) and clinical pharmacists (p=0.007), the total cost of care decreased. As staffing increased for dispensing pharmacists (p=0.006) the total cost of care increased. These variables provided the best regression equation (fit) to explain total cost of care. This regression model accounted for 48.92% of the total explainable variance associated with total cost of care in the 1016 hospitals. Figure 1 shows the graphic relationship between hospital pharmacy administrator staffing and total cost of care. Figure 2 shows the graphic relationship between dispensing pharmacist staffing and total cost of care. Figure 3 shows the graphic relationship between clinical pharmacist staffing and total cost of care. Data points represent staffing quintiles (20%, 40%, 60%, 80%, 100%). Staffing was calculated as staff/occupied bed, but graphed as staff/100 occupied beds.
31, 41 Table 4 shows the mean number of occupied beds, total cost of care reduction/increase/ occupied bed/year, total cost of care reduction/ 
Discussion
This study determined direct relationships and associations among 14 clinical pharmacy services, pharmacist staffing, and severity of illness adjusted total cost of care. Nine services were associated with lower hospital total cost of care in the multiple regression analysis, however, these differences were statistically significant for only DUE, drug information services, ADR monitoring, drug protocol management, medical rounds participation, and admission drug histories. Two services, clinical research and TPN team participation, were associated with statistically significant increases in total cost of care. As the number of pharmacy administrators and clinical pharmacists increased/occupied bed, the total cost of care decreased. As the number of dispensing pharmacists increased/occupied bed, the total cost of care increased. Study design limitations did not allow us to determine reasons why these variables were associated with the total cost of care.
Pharmacist-Provided DUE
It is worth noting that DUE studies are among the most frequently associated with drug cost reductions. 2, 28 Whereas cost savings from DUEs are relatively modest compared with total cost of care in a hospital, the presence of this service may indicate an institutional philosophy to implement audit systems that are intended to promote better patient care and save money. A reduction of $1,119,810.18 in total cost/hospital was associated with the presence of DUE ($1,005,589,541.64 decrease in total cost of care for the 898 hospitals having the service). If extrapolated to all 1016 hospitals, a potential reduction of $1,137,727,142.88 in total cost of care (2.1% of total cost of care for all 1016 hospitals) could be realized if all hospitals had this service. The median salary cost/hospital for providing DUE was $35,085, or $238.50/occupied bed/year. 31 Each dollar of pharmacist salary cost was associated with $31.92 reduction in total cost of care.
Pharmacist-Provided Drug Information
An unbiased source of drug information may promote better patient care and thus reduce total cost of care. This service may contribute to lower total cost of care, as up to 28% of all hospital admissions were attributed to drugrelated morbidity and mortality. 49 Having trained personnel to provide information could reduce these costs. In addition, ADRs in hospitals are often preventable if detected early, 50 and could be reduced with better information systems. 51 The presence of this service may also indicate medical staff open to input from pharmacists and likely to accept recommendations on drug therapy, which may result in lower costs. Since the drug information service is often the process for formulary management coordination in the hospital, it is important in controlling drug costs that are a component of the total cost of care. A reduction of $5,226,128.22 in total cost of care/hospital was associated with the presence of this service ($1,212,461,747.04 decrease in total cost of care for the 232 hospitals having the service). If extrapolated to all 1016 hospitals, a potential reduction of $5,309,746,271.52 in total cost of care (9.9% of total cost of care for all 1016 hospitals) could be realized if all hospitals had this service. The median pharmacist salary costs/hospital for providing drug information PHARMACOTHERAPY Volume 20, Number 6, 2000 services was $8679, or $39.13/occupied bed/year. 41 Each dollar of pharmacist salary cost was associated with $602.16 reduction in total cost of care. Pharmacist-provided drug information should be considered one of the foundation clinical pharmacy services for hospitals. It also was associated with 10,463 fewer deaths and $90,852,346.24 reduction in drug costs in the same population of hospitals as reported in this study. 29, 34 Pharmacist-Provided ADR Monitoring Adverse drug reactions are the most common untoward events occurring in hospitals 52 and significantly increase the cost of care. 53 The presence of this service indicates a hospital that has an active program to detect and prevent ADRs, and thus may reduce the cost of care associated with these problems. A reduction of $1,610,841.02 in total cost of care/hospital was associated with the presence of the service ($1,101,815,257.68 decrease in total cost of care for the 684 hospitals having the service). If extrapolated to all 1016 hospitals, a potential reduction of $1,636,614,476.32 in total cost of care (3.1% of total cost of care for all 1016 hospitals) could be realized if all of hospitals had this service. The median pharmacist salary costs/hospital for pharmacist provided the service was $539, or $3.48/occupied bed/year. 31 Each dollar of pharmacist salary cost was associated with $2988.57 reduction in total cost of care.
Pharmacist-Provided Drug Protocol Management
The presence of a pharmacist-provided drug protocol management service indicates a fairly high level of trust by medical staff, perhaps indicating greater reception of pharmacists' input and management of patients, thus reducing total cost of care. This service may also indicate a hospitalwide system that allows health care professionals to expand provision of services, thus improving health care and reducing costs. A reduction of $1,729,608.41 in total cost of care reduction/hospital was associated with the presence of drug protocol management ($614,010,985.55 decrease in total cost of care for the 355 hospitals having the service). If extrapolated to all 1016 hospitals, a potential reduction of $1,757,282,144.56 in total cost of care (3.3% of total cost of care for all 1016 hospitals) could be realized if all hospitals had the service. The median pharmacist salary costs/hospital for providing drug protocol management was $1650, or $10.25/occupied/per year. 31 Each dollar of pharmacist salary cost was associated with $1048.25 reduction of total cost of care. This should be considered a core service if cost reduction is a primary focus of the hospital, since its presence also was associated with a reduction of $45,045,443.76 in drug costs in the same population of hospitals reported in this study. 29 
Pharmacists' Participation on Medical Rounds
Since medical rounds is where key decisions are made regarding patient care, pharmacists' participation may prospectively ensure optimum drug therapy, thus improving patient care and reducing health care costs. Some of the best single-site studies of clinical pharmacy services employed pharmacists participating in medical rounds. 16, 17, 54, 55 Perhaps this indicates that medical staff is more receptive to pharmacists' input and management of patients, thus reducing total costs by having a team approach to care. It may also indicate a hospitalwide system that allows many health care professionals to have direct input into decision making, thus improving health care and reducing costs. A reduction of $7,979,720.45 in total cost of care/hospital was associated with pharmacists' participation on medical rounds ($1,212,917,508.41 decrease in total cost of care for the 152 hospitals having the service). If extrapolated to all 1016 hospitals, a potential reduction of $8,107,395,977.20 in total cost of care (15.2% of total cost of care for all 1016 hospitals) could be realized if all hospitals had this service. The median pharmacist salary cost/hospital for the service was $31,652 or $115.94/occupied bed/year. 31 Each dollar of pharmacist salary cost was associated with $252.11 reduction in total cost of care. Although this was one of the more expensive clinical pharmacy services (total salary), 31 it was associated with the greatest reduction in total cost of care/hospital.
Pharmacist-Provided Drug Histories
As up to 28% of hospital admissions were attributed to drug-related morbidity and mortality, 49 perhaps pharmacists are better able to detect these problems than other health care professionals. In addition, admission drug histories may identify unnecessary or high-cost drug therapy very early in hospitalization, thus reducing total cost of care. A reduction of $6,964,145.17 in total cost of care/hospital was associated with pharmacist-provided admission drug histories ($208,924,355.10 decrease in total cost of care for the 30 hospitals having the service). If extrapolated to all 1016 hospitals, a potential reduction of $7,075,571,492.74 in total cost of care (13.2% of total cost of care for all 1016 hospitals) could be realized. The median pharmacist salary cost/hospital for the service was $8967, or $33.40/occupied bed/year. 31 Each dollar of pharmacist salary cost was associated with $776.64 reduction in total cost of care. Pharmacist-provided admission drug histories should be considered one of the foundation clinical pharmacy services for most hospitals, since it was associated with 3843 fewer deaths and a reduction of $5,548,093.46 in drug costs in the same population of hospitals reported in this study. 29, 34 Pharmacist-Conducted Clinical Research
Most likely the presence of this service is an indicator of specific types of patients who may cost more to care for, patients in clinical trials. Fifty of the 106 hospitals that had pharmacist conducted clinical research were members of the Council of Teaching Hospitals. Generally, teaching hospitals are more costly than nonteaching hospitals, even though they have lower mortality rates and shorter lengths of stays. [56] [57] [58] Unfortunately, there is no way to account for grant and contract funds that staff at the hospitals receive to conduct clinical trials in total cost of care figures from the AHA database. 30 Increases of $9,558,788.01 in total costs of care/hospital were associated with the presence of pharmacist-provided clinical research ($1,013,231,529.06 increase in total cost of care for the 106 hospitals having the service). If extrapolated to all 1016 hospitals, a potential increase of $9,711,728,618.16 in total cost of care (18.2% of total cost of care for all 1016 hospitals) could be seen. The median pharmacist salary cost/hospital for the service was $5656, or $16.69/occupied bed/year. 31 Each dollar of pharmacist salary cost was associated with $1690.03 increase in total cost of care. The mean pharmacist-obtained grant funding was $79,765 ± 128,641/year/hospital. 31 These funds are not accounted for in total cost of care figures from the AHA database. 30 Although pharmacistconducted clinical research was associated with higher total cost of care, it was associated with 21,125 fewer deaths in the same population of hospitals reported in this study. 34 
Pharmacist Participation on the TPN Team
Most likely the presence of this service is an indicator of specific types of patients who may cost more to care for, those receiving TPN. The presence of the service may indicate a large number of patients in that hospital receiving TPN. These patients are by definition more expensive to care for because of their underlying illness, TPN costs, laboratory costs, nursing care costs, and drug therapy. Among the types of patients who commonly require TPN are those undergoing bone marrow transplantation, those with cancer, and patients in hospitals that have high levels of gastrointestinal surgery. An increase of $3,211,355.12 in total cost of care/hospital was associated with the presence of pharmacist participation on the TPN team ($1,027,633,638.43 increase in total cost of care for the 320 hospitals having the service). If extrapolated to all 1016 hospitals, a potential increase of $3,262,736,801.92 in total cost of care (6.1% of total cost of care for all 1016 hospitals) could be seen. The median pharmacist salary cost/hospital for pharmacist participation on the TPN team was $12,349, or $61.34/occupied bed/year. 31 Each dollar of pharmacist salary cost was associated with $260.05 increase in total cost of care.
Staffing
In addition to linear relationships between the pharmacy staffing variables and the total cost of care, the figures show the graphic relationship among staffing variables. In Figure 1 , there is a fairly straight decrease in total cost of care from 0.53 pharmacy administrators/100 occupied beds (20% of staffing) to 2.01 pharmacy administrators/ 100 occupied beds (80%). Very little decrease in total cost of care is seen between the 2.01 (80%) and 4.56 pharmacy administrators/100 occupied beds (100%). Based on this finding, it appears that optimal staffing is about 2.01 hospital pharmacy administrators/100 occupied beds. Figure 2 shows only a modest increase in total cost of care between 1.33 dispensing pharmacist/100 occupied bed (20%) and 5.11 dispensing pharmacists/100 occupied beds (80%). The total cost of care/hospital goes from $47 million to $56 million between these staffing levels. The greatest increases in total cost of care (from $56 to $77 million/hospital) is seen as staffing goes from 5.11 (80%) to 7.58 dispensing pharmacists/100 occupied beds (100%). This last twentieth percentile accounts for 70% of the increase in the total cost of care. Based on this finding, dispensing pharmacist staffing should be kept as low as possible and definitely fewer than 5.11/100 occupied beds.
In Figure 3 , there appears to be a steady decline in the total cost of care from 0.34 clinical pharmacists/100 occupied beds (20%) to 1.11 clinical pharmacists/100 occupied beds (80%). The greatest decrease in total cost of care is seen between 1.11 (80%) and 3.23 clinical pharmacists/100 occupied beds (100%). The last twentieth percentile accounts for 48% of the decrease in total cost of care. Based on this finding, clinical pharmacist staffing should be as high as possible but definitely more than 1.11/100 occupied beds. This is the first study to demonstrate that pharmacy staffing is associated with total cost of care in hospitals. Similarly, it is the first to show that increased staffing levels of clinical pharmacists and pharmacy administrators are associated with lower total cost of care in a large number of our nation's hospitals (30% of hospitals and 34% of all hospital admissions).
Interpretation of Results
Some caution is advised in interpreting the total cost of care differences associated with these clinical pharmacy services. This study was designed to show direct relationships and associations, not cause and effect. In addition, we obtained only information about clinical pharmacy services. Information about services of other health care professionals, hospital structure, process, or other variables that could affect total cost of care were not obtained or evaluated.
Despite this caution, the value of these clinical pharmacy services and pharmacy staffing information should not be underestimated. The R 2 for the multiple regression model was 48 .92%, which indicates that these variables are good predictors of the total cost of care in our nation' s hospitals. Given the size of the dollar differences in this model, it is likely that these pharmacy variables probably predict other hospital variables (which we were unable to obtain) that also were associated with total cost of care (clinical services of other health care professionals, staffing, hospital structure, process, etc.). Our findings suggest that the best way to achieve reductions in total costs of care is through optimal pharmacy administrator staffing, increased clinical pharmacist staffing, decreased dispensing pharmacist staffing, and provision of some clinical pharmacy services. Most studies that supported the development of clinical pharmacy services in hospitals 2, 28 focused on the part of the hospital budget that accounts for less than 5.1% of total expenditures (drug costs, pharmacy personnel). [29] [30] [31] One of the more important findings of the current study is that pharmacists and clinical pharmacy services are associated with much larger total cost of care. Drug information, drug protocol management, and admission drug histories were also associated with drug cost savings in the same population of hospitals. 29 For the presence of drug information services, the dollar cost reduction was 12.14 times greater for total cost of care compared with what was seen with drug cost reduction/hospital ($5,226,128.22 for total cost of care vs $430,579.84 for drug costs). 29 For drug protocol management, the dollar cost reduction was 12.59 times greater for total cost of care compared with what was seen with drug cost reduction/hospital ($1,729,608.41 for total cost of care vs $137,333.67 for drug costs). 29 For admission drug histories, the dollar cost reduction was 32.64 times greater for total cost of care compared with what was seen with drug cost reduction/hospital ($6,964,145.17 for total cost of care vs $213,388.21 for drug costs). 29 Future outcome studies that evaluate the impact of clinical pharmacy services on total health care cost rather than on drug and pharmacy personnel are essential. Just as with the tip of the proverbial iceberg, where we can see only a small portion of mass above water, pharmacy must focus on total cost of care models where the true worth of our professional services can be seen and appreciated across the health care system.
Limitations
Given the size of the total cost differences seen 
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with the variables, it is likely that these variables were indicators of other hospital characteristics that affect the total cost of care. Cost information provided was for 1992 and does not reflect data for year 2000. Annual inflation rates and annual drug cost inflation rates of 20% would have to be considered to interpret these dollar figures in terms of current costs. 59 Similarly, cost data presented here do not reflect changes that have occurred in the health care delivery and reimbursement system since 1992. It is possible that information provided to the AHA by hospitals and to us for the national clinical pharmacy services database was inaccurate; we did not attempt to verify it. Since this is one of the first studies comparing clinical pharmacy services, pharmacist staffing, and total cost of care within a large number of hospitals, the findings will have to be replicated in future studies. The design did allow us to determine direct relationships among variables, but not to determine causality. Therefore, the findings should not be construed as cause and effect. Caution is advised in applying our findings to individual hospitals.
Summary
The preponderance of evidence from this study suggests that some clinical pharmacy services, hospital pharmacy administrators, and clinical pharmacists may be able reduce the total cost of care in United States hospitals. The results also suggest that allocating more personnel resources to the drug delivery system (distribution) may be counterproductive in reducing the total cost of care. Given the significant benefits of these clinical pharmacy services and low associated salary costs, clinical pharmacists and directors of pharmacy should use the findings to develop, justify, and expand the services. Much greater cost savings may be obtained when evaluating the impact of pharmacy services on total cost of care, rather than some minor components. It is hoped that our findings will help guide chief executive officers, hospital pharmacy administrators, and clinical coordinators in hiring and allocating personnel in hospitals, and in determining what clinical pharmacy services to provide. In-service education: pharmacist presents continuing education to fellow employees (M.D., R.N., R.Ph., etc.) on a scheduled basis at least 4 times a year. Drug information: provided only if a formal drug information service with specifically assigned pharmacist is available for questions. Does not require a physical location called drug information center. Poison information: provided only if a pharmacist is available to answer toxicity and overdose questions on a routine basis with appropriate resources. Clinical research: is performed by pharmacist either as principal investigator or coinvestigator. Pharmacist is likely to be (co-) author of a published paper. Do not check if activity is limited to investigational drug distribution or record keeping.
Patient-Specific Clinical Pharmacy Services
ADR management: pharmacist evaluates potential ADR while patient is hospitalized and appropriately follows through with physicians. Pharmacokinetic consultation: provided only if at a minimum drug regimen, serum levels, and patient' s medical record are reviewed and verbal or written follow-up is provided when necessary. Drug therapy monitoring: provided only if a patient' s medical record is reviewed and verbal or written follow-up is provided when necessary. Monitoring is continuing and repeated, often on daily basis. Do not check if only drug orders are reviewed. Does not include pharmacokinetic consults, TPN team, rounds, ADR management, or drug therapy protocol management. Drug protocol management: pharmacist, under the order of a prescriber, requests laboratory tests if necessary and begins drug therapy or adjusts dosage to obtain desired outcome (e.g., aminoglycoside or heparin dosing per pharmacy). TPN team participation: pharmacist at a minimum reviews patient' s medical record and/or provides written or verbal followup if necessary. Drug counseling: pharmacist provides counseling either during hospitalization or at time of discharge. Do not check if counseling involves solely review of label directions. CPR team participation: pharmacist is active member of the team attending most arrests when the pharmacist is present in the hospital. Medical rounds participation: pharmacist attends rounds with medical team at least 3 days/week, actively providing specific input. Admission drug histories: pharmacist provides admission histories.
